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ABSTRACT 

The  relative  toxicities  of  technical  grade  n-hexyl  carborane  (NHC) , 
earboranylmethylethyl  sulfide  ICMES) , and  carboranylmethylpropyl  sulfide 
tCMPS)  were  investigated  using  rats,  guinea  pigs,  rabbits  and  dogs.  Each 
compound  produced  primary  irritation  when  applied  to  the  intact  and  abraded 
skin  of  rabbits.  Data  indicate  little  acute  toxic  hazard  would  be  expected 
from  acute  accidental  ingestion.  Acute  vapor  and  aerosol  inhalation 
exposures  of  animals  resulted  experimentally  in  no  deleterious  effect  from 
the  three  compounds.  Respiratory  irritation  with  some  minimal  lung  damage 
and  transient  eye  effects  occurred  in  dogs  and  rats  as  a result  of  repeated 
exposures  to  aerosols  of  NHL  for  6 hours  per  day,  5 days  per  week  for  6 weeks 
at  concentrations  of  77  and  245  mg/M3.  NHC  and  CMPS  appeared  to  be 
nonmutagenic  on  the  basis  of  microbial  assays,  while  CMES  appeared  to  be 
weakly  mutagenic. 

It  was  reconmended  that  personnel  potentially  exposed  to  NHC  or  CMPS  wear 
protective  gloves,  coveralls  and  goggles.  Medical  surveillance  of  workers 
involved  in  handling  these  materials  should  take  cognizance  of  the  potential 
for  irritation  of  the  respiratory  tract,  skin  and  eyes.  Human  exposure  to 
CMES  should  be  prevented  until  carcinogenic  risk  has  been  determined  by 
appropriate  techniques. 
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1.  REFERENCES. 

a.  Letter,  DASG-HCH-O,  Office  of  The  Surgeon  General,  29  January  1974, 

subject:  Toxicological  Evaluation. 

b.  Letter,  AMSMI-RKC,  US  Army  Missile  Command,  Redstone  Arsenal,  AL,  19 
March  1974,  to  this  Agency. 

c.  Letter,  AMSMI-O,  US  Army  Missile  Command,  16  August  1972,  subject: 
Toxicological  Evaluation. 

d.  Letter,  AMSMI-O,  US  Army  Missile  Command,  28  March  1974,  subject: 
Toxicological  Evaluation. 

2.  P6RPOSE.  The  purpose  of  this  study  was  to  acquire  information  concerning 
the  toxicity  in  animals  of  n-hexyl  carborane  (NHC) , carboranylmethylethyl 
sulfide  (CMES)  and  ca rbor any lme thy lpropy 1 sulfide  (CMPS) . This  information 
provides  a basis  for  advising  on  possible  hazards  associated  with  the 
manufacture  of  these  compounds  and  safety  precautions  to  be  observed  in  their 
handling  (reference  para  1c) . 

3.  BACKGROUND. 

a*  The  United  States  Army  Missile  Command  is  considering  using  NHC,  CMES 
and  CMPS  as  components  in  the  Army's  solid  fuel  system  (reference  para  Id), 
these  materials  have  been  synthesized  in  the  laboratory  and  pilot  plants. 
Propellants  prepared  from  these  compounds  are  processed  or  mixed  at  about  140 
- 145°F.  As  presently  used  in  the  laboratory  and  small  scale  facilities, 
operating  procedures  require  well  ventilated  areas  with  throughput  air  and 
with  the  operator  wearing  rubber  gloves  when  handling  the  technical  grade 
carborane s or  the  carborane  containing  propellants.  If  production  facilities 
jure  expanded,  an  increased  exposure  potential  will  exist.  Industrial  hygiene 
and  engineering  procedures  are  needed  that  are  based  on  some  knowledge  of  the 
toxicology  of  these  compounds  in  order  to  control  any  potential  hazards 
associated  with  their  manufacture  and  processing  into  solid  fuels. 


* In  conducting  the  studies  described  in  this  report,  the  investigators 
adhered  to  the  "Guide  for  the  Care  and  Use  of  Laboratory  Animals."  US 
Department  of  Health,  Education  and  Welfare  Publication  No.  (NIH)  74-23, 
revised  1972  - second  printing  1974. 
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b.  A literature  searcu  using  the  data  base  of  the  National  Library  of 
Medicine  and  a limited  survey  of  various  industrial  and  governmental 
laboratories  revealed  no  data  on  the  toxicity  of  the  three  subject 
carboranes . 

c.  NHC,  CMES  and  CMPS  were  obtained  through  Redstone  Arsenal,  Alabama, 
from  the  manufacturer,  Olin  Corporation,  Stamford,  CT.  NHC  is  a clear  liquid 
with  a musty,  acrid  odor.  The  lot  nusbers  of  NHC  used  were  H-13179  and 
H-13166.  CMES  ana  CMPS  are  slightly  cloudy  liquids  having  pungent  oily 
odors.  The  lot  numbers  used  iu  the  tests  were  H-12722  for  CMES  and  H-12736-2 
for  CMPS.  The  three  compounds  are  soluble  in  organic  solvents,  such  as 
hexane  and  acetone,  but  not  soluble  in  water. 


4.  SUMMARY  OF  FINDINGS.  The  relative  toxicity  of  technical  grade  NHC,  CMES 
and  CMPS  was  investigated  by  this  Agency  using  rats,  guinea  pigs,  rabbits  and 
dogs.  The  three  carboranes  were  found  to  be  primary  skin  irritants  with  CMES 
producing  the  least  severe  reaction.  The  highest  nonirritating  concentration 
to  the  skin  was  0,1  percent  for  each  compound.  Data  indicate  that  NKC  is 
practically  nontoxic  when  admin is ter ed  orally  to  rats  and  that  CUES  and  CMPS 
are  moderately  toxic.  The  intravenous  approximate  lethal  doses  (ALD)  in 
rabbits  were  150,  320,  and  320  mg/kg  for  NHC,  CMES  and  CMPS,  respectively. 

The  three  compounds  are  classified  as  only  slightly  toxic  when  administered 
dentally  to  redibits  witn  NHC  being  the  least  toxic.  None  of  the  three 
carboranes  caused  skin  sensitization  reactions  in  guinea  pigs.  Physiological 
changes  in  dogs  following  intravenous  administration  of  high  doses  of  NHC 
suggest  that  the  lung  mcy  be  the  major  target  organ  affected.  Histologic 
examination  of  organs  following  parenteral  administration  of  NHC,  CMPS  and 
CMES  to  rabbits  showed  that  these  compounds  caused  severe  pulmonary  edema  and 
hemorrhage  in  the  lower  respiratory  tract.  No  prenatal  toxicity  was  observed 
when  NHC  was  administered  orally  or  by  inhalation  to  pregnant  albino  rats. 
Acute  1-  and  4-hour  aerosol  exposures  and  single  8-hour  saturated  vapor 
exposures  of  the  three  compounds  to  rats  resulted  experimentally  in  no 
deleterious  effect.  Respiratory  irritation,  with  uxne  minimal  lung  damage  and 
transient  eye  effects,  occurred  in  rats  and  dogs  as  a result  of  repeated 
exposures  to  aerosols  of  NHC  6 hours  per  day,  5 days  per  week  for  6 weeks  at 
concentrations  of  77  and  245  mg/M3.  In  vitro  mutagenic  studies  in  microbial 
assays  showed  NHC  and  CMPS  to  be  nonmutagenic  on  the  assays  performed  while 
CMES  was  weakly  mutagenic.  Definitions  of  selected  terms  and  abbreviations 
used  in  this  report  are  found  in  Appendix  A.  Statistical  significance  in 
this  report  has  been  selected  at  the  .01  level  of  probability.  Infrared 
spectra  of  the  technical  grade  compounds  are  found  in  Appendix  B.  A detailed 
tabular  presentation  of  toxicity  data  follows: 
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5.  DISCUSSION. 

a.  Animal  data  from  skin  irritation  studies  indicate  that  technical 
grade  NHC,  CMES  and  CMPS  should  be  handled  with  caution,  using  skin  and  eye 
protective  equipment.  Any  of  the  compounds  coming  into  contact  with 
unprotected  skin  or  eyes  should  be  removed  immediately. 

b.  Animal  exposures  to  vapor  concentrations  of  100  mg/M3  NHC,  500  ag/M3 
CMES  and  400  mg/M3  CMPS,  suggest  little  acute  hazard  to  man  from  short  single 
exposures  at  these  concentrations.  NHC  appears  to  have  the  lowest  vapor 
pressure  of  the  three  compounds  and  should  present  the  least  potential 
inhalation  hazard. 


c.  Subchronic  (6  week)  eaqposures  of 
concentrations  of  77  ag/M3  and  245  mg/M3 
respiratory  irritation  with  seme  minimal 
changes  in  hematology  or  blood  chemistry, 
health  hazard  to  be  expected  to  man  from 
concentrations  would  probably  be  eye  and 


rats  and  dogs  to  aerosols  of  NHC  at 
caused  signs  of  eye  discomfort  and 
lung  damage,  but  no  significant 
These  findings  show  that  the  major 
daily  inhalation  of  NHC  at  these 
respiratory  tract  irritation. 


d.  At  the  present  time,  good  industrial  practices  would  indicate  that 
mechanical  control  of  vapors  and  aerosols  of  the  carborane  compounds  in  the 
working  area  would  be  necessary  to  contain  and  prevent  possible  exposure 
hazards  to  man.  While  environmental  levels  have  not  been  established  for 
airborne  concentrations  of  NHC,  the  most  likely  processes  requiring  control 
are  those  in  which  fogs  or  mists  are  evolved  or  where  hot  solutions  of  NHC 
are  employed. 

e.  Physiological  data  from  dogs  receiving  NHC  intravenously  show  that 
anoxia  is  the  primary  cause  of  deauh.  This  is  probably  due  to  an 
accumulation  of  the  compound  in  the  alveolar  capillary  structures  causing  a 
mechanical  obstruction  of  the  oxygen  transfer  system. 

6.  CONCLUSION.  Evaluation  of  toxicity  data  on  rabbits,  rats,  guinea  pigs 
and  dogs  indicates  that  with  appropriate  safety  precautions,  technical  grade 
NHC,  CMES  and  CMPS  should  present  little  acute  toxic  hazard  to  man.  NHC 
appears  to  be  the  least  toxic  of  the  three  compounds  studied.  NHC  and  CMPS 
appear  to  be  nonmutagenic  on  the  basis  of  microbial  assays,  where  CMES 
appeared  to  be  weakly  mutagenic. 

7.  RECOMMENDATIONS. 

a.  Human  ejqposure  to  CMES  should  be  prevented  until  its  genetic  hazard 
has  been  determined  by  appropriate  techniques. 

b.  Personnel  potentially  exposed  to  the  technical  grade  liquids  of  NHC 
or  CMPS  must  wear  coveralls,  and  skin  and  eye  protective  devices. 
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c.  Medical  surveillance  of  workers  involved  with  these  compounds  should 
take  cognizance  of  the  potential  for  irritation  of  the  skin,  eyes  and 
respiratory  tract. 

d.  Inhalation  exposure  to  vapors  and  aerosols  of  NHC,  CMES  and  CMPS 
should  be  controlled  by  implementation  of  good  industrial  hygiene  ventilation 
programs . Local  exhaust  ventilation  may  be  required  in  operations  where  fogs 
and  mists  are  evolved  or  where  hot  solutions  are  used. 

e.  Personnel  with  respiratory  disorders  should  avoid  direct  exposure  to 
airborne  concentrations  of  NHC,  CMES  and  CM? S. 

f.  The  recommendation  given  in  previous  guidance  (reference  paragraph 
lc)  relevant  to  the  procedures  and  precautions  associated  with  the  use  of  NHC 
and  CMPS  based  upon  the  parent  compound,  decaborane,  dr.  not  seem  necessary 
based  upon  the  present  toxicological  data  generated  by  this  Agency. 


RICHARD  A.  ANGERHOFER 
Biologist 
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CONRAD  R.  POPJ^ 
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APPENDIX  A 


GLOSSARY  OF  RECURRING  DEFINITIONS,  ABBREVIATIONS  AND  SYMBOLS 
USED  BY  THE  TOXICOLOGY  DIVISION.,  USAEHA 

Definitions  of  medical  terms  and  abbreviations  used  in  this  report  are  in 
agt  ament  with  the  New  Gould  Medical  Dictionary , Second  Edition,  published  by 
the  Blakiston  Division  of  McGraw-Hill  Book  Company,  Inc.  Statistical  terms 
and  abbreviations  are  in  agreement  with  those  found  in  J.  Maxwell  Little's, 

An  Introduction  to  the  Experimental  Method,  1961,  Burgess  Publishing  Company, 
Minneapolis,  Minn.  The  following  terms  and  abbreviations  are  either  not 
found  in  the  above  references  or  have  been  modified  to  fit  the  special 
purposes  of  this  report.  Some  of  the  items  have  been  included  below  for 
special  emphasis. 


DEFINITIONS 


WORD 

Acute  Exposure 


Approximate  Lethal  Dose 


Hazard  Evaluation 


Primary  Irritation 


DEFINITION 

One  exposure  to  exogenous  test  material  for 
no  longer  than  24  hours.  Animals  are  normally 
observed  for  14  days  after  exposure. 

In  range  finding  the  first  dose  of  the  lowest 
series  of  three  ascending  doses  (each 
being  50%  higher  in  concentration  than  the 
previous)  all  of  which  produce  fatalities. 

A study  performed  to  estimate  the  degree  of 
danger  associated  with  the  use  of  a material 
under  specified  conditions  of  vise. 

A local  inflammatory  reaction  of  the  skin, 
produced  by  a compound,  which  does  not  produce 
destruction  or  irreversible  change  at  the 
site  of  contact. 


Skin  Sensitizer 


A compound  which  produces  an  allergic 
dermatitis  under  the  conditions  of  test. 


Subchronic  Exposure  Repeated  daily  or  constant  exposure  to  a test 

material  for  no  longer  them  59  days  or  less 
them  2 days.  Post  observation  period  will  vary. 


Technical  Grade  Compound  As  produced  by  the  manufacturers  of  their 

commercial  compound;  definition  dependent 
upon  ciiiur.acturers  criteria. 
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ABBREVIATION 


ABBREVIATIONS 


MEANING 


approximate  lethal  dose 
blood  urea  nitrogen 
cholinesterase 

carboranylmethylethyl  sulfide 
carboranylmethylpropyl  sulfide 
is  greater  than 
median  lethal  dose 
micrcgrams  per  liter 
rr hexyl  carborane 


1 4000 


3800 


3600  3400  32)0  3000  2800 


2600  2400  2200 


2000  1900 
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1800  17< 
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SLIT:  ROUTINE 

SPEED:  200  CM'1 
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INFRARED  SPECTRUM 

WAVELENGTH  IN  MICRONS 
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PERCENT  TRANSMISSION 
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APPENDIX  C 

evaluation  of  skin  reactions 
Erythema  and  Eschar  Formation 
No  erythema 

Very  slight  erythema  (barely  perceptible) 

Well  defined  erythema 

Moderate-to-severe  erythema 

Severe  erythema  (beet  redness  to  slight 
eschar  formation) 


Edema  Formation 
No  edema 

Very  slight  (barely  perceptible)  1 

Slight  edema  (edges  of  area  well  defined  2 

by  definite  raising) 

Moderate  edema  (edges  raised  approximately  3 

1 cun) 

Severe  edema  (raised  more  than  1 m and  4 

extending  beyond  area  of  exposure) 


An  individual  irritation  score  is  equal  to  the 
formation  and  erythema  and  eschar  formation. 


sum  of  the  scores  for  edema 


5 
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APPENDIX  D 


SCALE  FOR  NUMERICAL  SCORING  OF  INJURY  TO  RABBIT  SKIN 
WHEN  DETERMINING  NONIRRITATING  CONCENTRATION 


SKIN  INJURY  OBSERVATION 


SCORE 


No  reaction 


Slight  capillary  injection 

Strong  capillary  injection 

Slight  erythema 

Strong  erythema 

Slight  edema 

Strong  edema 

Slight  necrosis 


Strong  necrosis 


ascaatg 


Tox  &tudy  No.  51-044-74/76,  Jan  74  - May  75 

APPENDIX  E 

TABULATION  OF  TOXICITY  DOSES* 


VARIOUS  ROUTES  OF  ADMINISTRATION 


* Adapted  from  Hodge,  H.C.  and  Sterner,  J.H.  American  Industrial  Hygiene 
Association  Quarterly,  10:4.93,  December  1943. 
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APPENDIX  F 


CHEMICAL  ANALYSES  OF  CHAMBER  AIR  SAMPLES  BY 
GAS  CHROMATOGRAPHIC  ntlnuu  tu>  PERFORMED  BY  ENVIROIMENTAL 
CHEMISTk.  DIVISION,  INDUSTRIAL  HYGIENE  BRANCH 

Exposure  air  samples  were  collected  from  the  chamber  by  means  of  midget 
impingers  containing  nanograde  n-hexane . The  concents  of  the  impinger  were 
transferred  to  a flask  and  the  impinger  washed  with  hexane  which  was  then 
combined  with  the  hexane  used  to  trap  the  vapors.  A known  amount  of  an 
internal  standard  (heptadecane)  was  added  to  the  hexane  and  the  sample  was 
mixed  thoroughly.  An  aliquot  of  the  hexane  solution  was  then  injected  into  a 
gas  chromatograph.  Analyses  of  the  hexane  were  conducted  using  a Hewlett- 
Packard,  Model  5750  gas  chromatograph  equipped  with  a flame  ionization 
detector.  The  instrument  was  fitted  with  a 4 ft  x 1/8  inch  glass  coltimn 
packed  with  3 percent  OV-1  stationary  phase  on  100/120  Gas-Chrom  Q®.  The 
operating  parameters  were:  carrier  gas  helium,  column  flow  rate  20  cc/min, 

hydrogen  gas  flow  to  detector  55  cc/min,  air  flow  to  detector  500  cc/min, 
injector  temperature  200° C,  detector  temperature  200° C,  column  temperatures 
see  below. 


Carborane 


Initial 
. °C 


GC  Column  Temperature 

Post  Inj.  Terminal  Temperature  Programming 


Gas-Chrom  Q®  is  a registered  trademark  of  Applied  Science  Laboratories,  Inc. 

PO  Box  140,  State  College,  PA  16801.  Use  of  trademarked  name  does  not 
imply  endorsement  by  the  US  Army,  but  is  used  only  to  assist  in  identification 
of  a specific  product. 


